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¢ EXPERIMENT
¢ SOME THEORY

e g2 AND A, FOR PROTON/DEUTERON
e Q> DEPENDENCE OF g, AND A,

e TWIST-3 MATRIX ELEMENT d,

e SUM RULES



Polarized Deep Inelastic Scattering

: Detector
Polarized Beam Polarized Target
N N ]
7~
A OF
o2 g B ;o , 2F ,
A = ol 1 o= fiE sin(0)|g1(z, Q)+ . ga(z, Q°)

A1 =il @EE )~ aalr, @)

g1 and g9 are the polarized structure functions.
o AH 1s primarily sensitive to gy
— A | is more sensitive to g

— f1. includes contribution from kinematics and
unpolarized structure functions
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EXPERIMENTAL OVERVIEW

e SLAC ELECTRON BEAM:
ePOLARIZATION Py, =0.83
eENERGY E =291 or E=323

e TRANSVERSELY POLARIZED

TARGETS:
1 K, 5T, D.N.P
eNH; (PROTONS) < Py >=0.70
eLiD (DEUTERONS) < P{ >=0.22
e RADIATION DAMAGE

e SCATTERED ELECTRONS
©2.75° 5.5° AND 10.5°

¢eCERENKOV AND LEAD GLASS
FOR PARTICLE 1.D.

eHODOSCOPES FOR TRACKS
(dP/P =~ 0.03)



KINEMATICS

18

E155X kinematic coverage
by spectrometer
(E,=29 GeV)




THE A, ASYMMETRY

~ 1

A !

P

Ni, — Ngr
N, + Ngr

1

C
P, T2

+Agpw +ARc

 fre

e Ny AND Np ARE RATES FOR L AND
R BEAM HELICITY, CORRECTED FOR
PAIR-SYMMETRIC CONTRIBUTIONS (FEW
PERCENT) AND 7 MIS-IDENTIFIED AS
ELECTRONS (FEW PERCENT)

e C; ~ 1 CORRECTS FOR POLARIZED
BN or Li

e ADDITIONAL CORRECTION FOR ’Li and
LiH CONTAMINATION PLANE OF ELEC-
TRON SCATTERING.

e f IS DILUTION FACTOR (=~ 0.16 PRO-

TON)
e Axw: ELECTROWEAK ASYMMETRY
(~ 8 x 107°Q?)

e frc AND Ap-: RADIATIVE CORREC-
TIONS

o frc Mostly from Elastic and Quasi-
elastic tail: Increases Statistical Error

e Arc Mostly From Resonance and DIS



DETERMINATION OF g5 and A,

e WE USE MEASURED A, and E155 ¢; FIT
TO OBTAIN g, USING:

(1—|—€R>_g1
1 —¢ F1

yFl - /
= A E E ©
2E/(cos © — cos a) L [B cosa+E cos O]

g2

e WE CAN ALSO EXTRACT VIRTUAL PHOTON-
NUCLEON ASYMMETRY

2071, g1(x, Q%) + ga2(x, Q?)

As(x, Q%) = =
SRR Cs Eh i eued

e COMPARE TO POSITIVITY LIMIT
A2 < \/R(X7 Q2>

e COMPARE TO SOFFER LIMIT
Ay < \/R(]_ + Al)/2




SYSTEMATIC ERRORS

A | ERRORS

e RADIATIVE CORRECTIONS
e Used Many Different Models of A

e Resonance, twist-3, Quasi-elastic ..

e MULTIPLICATIVE ERR: 5.1% (p); 6.2% (d)
e TARGET POL: 1.7% (p); 4.5% (d)
o DILUTION FACTOR: 3.0% (p); 2.1% (d)
e BEAM POLARIZATION: 3.7%

g5 ERRORS

e g;: 5% INCLUDES MODEL ERRORS
e POLARIZATION ANGLE

o Fy: 2%

o R



SIMPLE FIT USED TO CALCULATE ¢V

Q2 >1
gP /FY = x700( 817+1.014x—1.489%x%)(1—.04/Q?)
gl /FY = x99°(—.013—.330x+.761x7)(1+.13/Q?)

Q2 DEPENDENCE

Proton —0.04 + 0.06
Neutron 0.13 +=0.45

OTHER FITS USED: INCLUDED
IN SYSTEMATIC ERROR ON

g1



go(x, Q%) STRUCTURE FUNCTION

e In general

twist-2 twist-2 twist-3
Y Y Y
0 d
g2<X7 Q2) — g;NW<X7 Q2> xl a hT(Y) Qz) + g(Y) Qz) ;f

=gy " (x,Q%) + ga(x, Q%)

e Wandzura-Wilczek ¢, expression (twist-2 only)

Vix, Q%) = -gi(x,Q%) + [} ?gl (y, Q%)

e j; includes quark-gluon correlations ( £ )
inside the nucleon

e Twist-2 term (quark transverse spin
distribution hry ) in g; suppressed by 3; <<1



Q*-DEPENDENCE OF zg¢,

— - — Stratman - WW
0.100: R R L L A Rl L | T T ": R D D L R R Bl W i | R

0.075 F Proton x=0.098  t Deutergn X~0.098 4
0.050 | + i =
0.025 | t :
0.000 |

~0.025
0.10

0.05F

0.00 - -
—0.05F}
Ay —0.10f

M 0.04;

0.02

0.00

~0.02}
~0.04}

_0.081
0.04f

0.02F}

0.00 F

—0.02F

_0‘04: R R D20 T AT P R NS SR <G R DU TV A Y A B
1 2 3 5 7 10 20 1 2 3 S 7 10 20

Q° [(GeV/c)?]



RESULTS FOR Q*-AVERAGED xg»
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RESULTS FOR Q*-AVERAGED A,
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Operator Product Expansion
(OPE) For g1 and g»

OPE USED IN QCD TO SEPARATE THE
PHYSICS INTO A PERTURBATIVE PIECE
(easily treated) AND A NON-PERTURBATIVE
PIECE (unknown matrix elements).

F<1n> = i x"g1(x, Q%)dx = a2n’ n=20,24,..
m) _ 1._n 2 7. 1 1 B
57 =g x g2(x,Q%)dx = STt 1(dn an)
n=2.4,...

an are the twist-2 and d,, are
the twist-3 matrix elements.

da = g x°|2g1(x, Q%)+3ga(x, Q%)|dx

= 3 o x°ga(x, Q%)dx



Q2 DEPENDENCE

e All the Integrals are at FIXED Q32
while the Measurements have Q2 and
x correlated.

e For g; integrals, we have ’evolved’
to fixed Q? using Q? dependent fits

to g1/F1
e For go> we use:
g2(x,Q3) = ga(x, Q3,) + g3 ' (x,Q2)

and ASSUME that the Q? depen-
dence of g3(x, Q?) is negligible.

e dy depends logarithmically on Q2.

e To calculate gng we utilize a global

Q? dependent fit to g;/F;.
e g1/F{ has errors.

e Statistical Errors on g»o Dominate
e Low 2 Extrapolation: Suppressed By z°
e High » Extrapolation: g» Very Small



THE TWIST-3 do MATRIX ELEMENT

dz = 3 /gy x’[ga2(x,Q%)—g2" " (x,Q?)]dx
E155X: 0.0025 + .0016 + .0010(proton)
0.0054 + .0023 + .0005(deuteron)

AVERAGE: 0.0032 +.0017(p)
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QUARK MODEL WITH TRANSVERSE MOMENTUM

2
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BURKHARDT-COTTINGHAM SUM RULE

fo g2(x)dx = 0

e Derived from Virtual Compton Scattering
Dispersion Relations.

e Does not follow from the OPE since n = 0.
e Validity depends on the lack of
singularities for go at x = 0.

e Dramatic rise of g at low x could
invalidate the sum rule

[52 g2(x)dx at Q* =5

E155X AVERAGE
P: —0.044 4 0.008 = .003 —0.042 += .008 (5 0)
D: —0.008 +0.012 4+ .002 —0.006 = .011

LOW 2 EXTRAPOLATION
IFgog = g8’ WV AT LOW x

ey Wiy)dy =x[gd¥ WV (x) + g1(x)]

° = —0.022 £0.008(p) —0.0024.011(d)



EFREMOV-TERYAEV-LEADER SUM RULE

o x[g1 (x) + 2g3 (x)]dx = 0
IF AuSea — Adsea —

o x[g? (x)+2gh (x)—g1 (x) 285 (x)|dx = 0

E155X AVERAGE
—0.013 == .008 =.002 —0.011 == .008

LOW z EXTRAPOLATION SUPPRESSED
BY » FACTOR




TRANSVERSE PION ASYMMETRIES from P
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TRANSVERSE PION ASYMMETRIES from D
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go SUMMARY

¢« PROTON g5 IS POSITIVE FOR x < 0.1,
NEGATIVE FOR. x > 0.2.

e ROUGH AGREEMENT SEEN WITH
SHAPE OF g¥" and BAG MODEL
OF STRATMANN

e DISAGREES IN DETAIL WITH g3'W.
x?/dof =3.1

e Ay < R(1+Aq)/2

¢« PROTON A, IS POSITIVE FOR
ALL x, Ay — 0 FOR x — 0.

e dy SMALL
e ELT SUM RULE OK

e BURKHARDT-COTTINGHAM SUM
RULE NOT OK FOR PROTON

e JLAB EXPERIMENTS ON g»
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